Effect of temperature on the propylamine transferase from Sulfolobus solfataricus, an extreme thermophilic archaebacterium. 2. Denaturation and structural stability.
The thermal stability of propylamine transferase from Sulfolobus solfataricus, an extreme thermophilic archaebacterium, has been characterized thermodynamically by a Van't Hoff analysis. Conformational transitions induced by guanidine hydrochloride, as well as by temperature, have been linked together in a scheme involving six equilibria, which arise from both dissociation and unfolding. The mechanism by which the protein achieves thermal stabilization is quite unusual. It is driven by a conformational equilibrium between two forms of different stability. The stability of each form towards denaturation is characterized by a specific temperature dependence. The low-temperature form, indicated as 'form A', is stable over 12-89 degrees C. Its stability maximum is 36.8 kJ/mol at 50 degrees C. 'Form B', which is populated at higher temperature, spans the interval 28-146 degrees C. Its stability maximum is 71.6 kJ/mol at 87 degrees C. A possible explanation for the mechanism underlying this behaviour is discussed assuming that two major terms contribute to stability, i.e. hydrophobic interactions arising from burying of the accessible surface residues as well as conformational entropy. The thermal stabilization of the enzyme seems to depend on effects related to both an overall increase of flexibility and a concomitant decrease of the area buried upon folding. In this regard proteins from extreme thermophilic organisms appear to be a useful model to shed new light on the general problem of protein stability.